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REDUCING POWER CONSUMPTION OF ELECTRICAL METERS 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the field of electric utility meters. More 
specifically, the invention relates to techniques for reducing the power consumed by electric 
utility meters. 

BACKGROUND OF THE INVENTION 

[0002] Electric utility companies and power consuming industries have in the past 

employed a variety of approaches to metering electrical energy. Typically, a metering system 

monitors power lines through isolation and scaling components to derive polyphase input 

representations of voltage and current. These basic inputs are then selectively treated to 

determine the particular type of electrical energy being metered. Because electrical uses can vary 

significantly, electric utility companies have requirements for meters configured to analyze 

several different nominal primary voltages, the most common of which are 96, 120, 208, 240, 

277 and 480 volts RMS. 

[0003] Electric utility meters employing electronic components instead of 

electromechanical components have become more widely used in the industry. The use of 

electronic components including microprocessor components have made electricity metering 
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faster and more accurate. Unlike the former electromechanical components, however, the 
electronic components in the meter require power to operate. Usually, direct current (DC) power 
is required to operate the meter's electronic components. Of course, the meters typically receive 
and monitor alternating current (AC) power from the power distribution system. Therefore, 
electronic meters use power supply devices to generate DC power from the already-available and 
constantly-present line voltage. As discussed in U.S. Patent No. 5,457,621, which is 
incorporated herein by reference, power supply devices have been created to generate the 
required microprocessor DC power regardless of the value of the available line voltages (e.g., 96 
to 480 volts RMS). 

[0004] Even with the shift away from electromechanical meters to electronic meters, 
the cost of the product is a meaningful consideration. The power supply component for the 
electronic meter typically represents a significant portion of the overall cost of the meter. In 
addition, the power supply's cost is dependent largely on the amount of power consumed by the 
electronic components in the meter. Therefore, reducing the cost of the meter involves 
considering techniques for reducing the amount of power consumed by the electronic 
components, and using lower cost components, whenever possible. 

[0005] Attempting to use lower cost components and reduce power consumption to keep 
meter costs down is relevant to any meter environment, and particularly the residential meter 
environment. For example, although the invention is not limited to this application alone, 240 
VAC residential meters often use limited current, fixed voltage capability power supplies (e.g., a 
linear capacitive divider power supply), which apply even greater power constraints on the 
power supply. 

[0006] Electronic meters often employ an optical communications port used to 

determine electrical usage, to read the meter, and/or to provide meter indicators and test features. 

In order to provide such data via the optical communications port, an optical diode is used. The 

optical diode or light emitting diode (LED) operates as a transducer to convert electrical energy 
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provided to it by the other meter components to light or other optical signals. The optical signal 
is communicated with a communications port that provides the light external to the meter. In 
this way, an optical receiving device may be placed over the optical communications port to 
receive the data processed by the meter. In an electronic meter, the power required to operate the 
optical diode often is equal to or even more than the power required by the other electronic 
circuits combined. 

[0007] Therefore, there is a need to reduce the amount of power consumed by an 
electronic meter, and particularly by the optical diode. 

SUMMARY OF THE INVENTION 

[0008] The invention contemplates an electrical power meter and method of operating 

the electrical power meter. The inventive power meter includes a power supply for converting 
alternating current (AC) voltage to a direct current (DC) voltage for powering the electronic 
components, and an optical diode in series with the power supply. The meter may also include 
an optical communications port in communication with the optical diode and/or a switch {e.g., a 
transistor) in communication with the optical diode. The switch may be in parallel with the 
optical diode, and allow DC current to bypass the optical diode when a request for 
communication is received by the meter. The DC current provided to the optical diode 
represents communication of data with an optical communications port. The switch may be 
controlled by a microprocessor device 

[0009] The meter also may include a buffer transistor in series connection with the 
switch and a microprocessor for controlling operation of the buffer transistor. The meter also 
may include a first resistor in series connection with the switch and a second resistor in parallel 
connection with the switch. The AC voltage may be provided to the power supply via an electric 
power line. The optical communications port may provide data relating to the operation of the 
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meter. The power supply may be capable of providing power just sufficient to operate the 
optical diode and the electronic components. 

[0010] The invention also contemplates a method of reducing power consumed by an 
electronic utility power meter having electronic components. The inventive method includes 
receiving AC power from an electric power line, converting the AC power to a DC power, 
providing the DC power to the electronic components, and reducing the DC power provided to 
an optical diode in series. The inventive method may further include providing DC current from 
a power supply in series connection with the optical diode and to electronic components in a 
parallel circuit configuration. The method may further include switching a DC current provided 
to the optical diode by the power supply and bypassing the DC current around the optical diode. 
When a request for communication with the meter is received, the inventive method may provide 
the DC current to the optical diode in response to the request for communication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 is a block diagram of an electronic meter; 

[0012] Figure 2 is a schematic diagram of an optical port circuit; and 

[0013] Figure 3 is a schematic diagram of an optical port circuit, according to the 

invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0014] Figure 1 is a block diagram of an electronic meter. As shown in Figure 1 5 meter 

10 is shown to include three resistive voltage divider networks 12 A, 12B, 12C; a first processor— 

an ADC/DSP (analog-to-digital converter/digital signal processor) chip 14; a second processor—a 

microcontroller 16 which in the preferred embodiment is a Mitsubishi Model 50428 

microcontroller; three current sensors 18 A, 18B, 18C; a 12 V switching power supply 20 that is 

capable of receiving inputs in the range of 96-528 V; a 5 V linear power supply 22; a nonvolatile 
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power supply 24 that switches to a battery 26 when 5 V supply 22 is inoperative; a 2.5 V 
precision voltage reference 28; a liquid crystal display (LCD) 30; a 32.768 kHz oscillator 32; a 
6.2208 MHz oscillator 34 that provides timing signals to chip 14 and whose signal is divided by 
1.5 to provide a 4.1472 MHz clock signal to microcontroller 16; a 2 kByte EEPROM 35; a serial 
communications line 36; an option connector 38; and an optical communications port 40 that 
may be used to read the meter. The inter-relationship and specific details of each of these 
components is set out more fully below. 

[0015] It will be appreciated that electrical energy has both voltage and current 
characteristics. In relation to meter 10 voltage signals are provided to resistive dividers 12A-12C 
and current signals are induced in a current transformer (CT) and shunted. The output of 
CT/shunt combinations 18A-18C is used to determine electrical energy. 

[0016] First processor 14 is connected to receive the voltage and current signals 
provided by dividers 12A-12C and shunts 18A-18C. As will be explained in greater detail below, 
processor 14 converts the voltage and current signals to voltage and current digital signals, 
determines electrical energy from the voltage and current digital signals and generates an energy 
signal representative of the electrical energy determination. Processor 14 will always generate a 
watthour delivered (Whr Del) and, watthour received (Whr Rec), depending on the type of 
energy being metered, will generate either a volt amp reactive hour delivered (Varhr Del)/a volt 
amp reactive hour received (Varhr Rec) signal or volt amp hour delivered (Vahr Del)/volt amp 
hour received (Vahr Rec) signal. In the preferred embodiment, each transition on conductors 42- 
48 (each logic transition) is representative of the measurement of a unit of energy. Second 
processor 16 is connected to first processor 14. As will be explained in greater detail below, 
processor 16 receives the energy signal(s) and generates an indication signal representative of 
said energy signal. 

[0017] It will be noted again that meter 10 is a wide range meter capable of metering 

over a voltage range from 96-528 V. The components which enhance such a wide range meter 
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include the divider network 12A-12C, which as previously noted are connected to receive the 

voltage component. The dividers generate a divided voltage, wherein the divided voltage is 

substantially linear voltage with minimal phase shift over the wide dynamic range, i.e. 96-528 

Volts. A processing unit (processors 14 and 16) is connected to receive the divided voltage and 

the current component. The processing unit processes the divided voltages and the current 

components to determine electrical energy metering values. It will be appreciated from the 

following description that processors 14 and 16 require stable supply voltages to be operable. A 

power supply, connected to receive the voltage component and connected to processors 14 and 

16, generate the necessary supply voltages from the Phase A voltage component over the wide 

dynamic range. Power supply 20 could also run off of phase B and phase C voltages or a 

combination of the above. However, a combination embodiment would require additional 

protection and rectifying components. 

[0018] In relation to the preferred embodiment of meter 10, currents and voltages are 

sensed using conventional current transformers (CT's) and resistive voltage dividers, 

respectively. The appropriate multiplication is accomplished in a new integrated circuit, i.e. 

processor 14. Processor 14 is essentially a programmable digital signal processor (DSP) with 

built in multiple analog to digital (A/D) converters. The converters are capable of sampling 

multiple input channels simultaneously at 2400 Hz each with a resolution of 21 bits and then the 

integral DSP performs various calculations on the results. For a more detailed description of 

Processor 14, reference is made to a co-pending application Ser. No. 839,182 filed on Feb. 21, 

1992, and abandoned in favor of application Ser. No. 259,578, which is incorporated herein by 

reference and which is owned by the same assignee as the present application. 

[0019] Meter 10 can be operated as either a demand meter or as a time-of-use (TOU) 

meter. It will be recognized that TOU meters are becoming increasingly popular due to the 

greater differentiation by which electrical energy is billed. For example, electrical energy 

metered during peak hours will be billed differently than electrical energy billed during non-peak 
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hours. As will be explained in greater detail below, first processor 14 determines units of 
electrical energy while processor 16, in the TOU mode, qualifies such energy units in relation to 
the time such units were determined, i.e. the season as well as the time of day. 

[0020] All indicators and test features are brought out through the face of meter 10, 
either on LCD 30 or through optical communications port 40. Power supply 20 for the 
electronics is a switching power supply feeding low voltage linear supply 22. Such an approach 
allows a wide operating voltage range for meter 10. 

[0021] In the preferred embodiment of the present invention, the so-called standard 
meter components and register electronics are for the first time all located on a single printed 
circuit board (not shown) defined as an electronics assembly. This electronics assembly houses 
power supplies 20, 22, 24 and 28, resistive dividers 12A-12C for all three phases, the shunt 
resistor portion of 18A-18C, oscillator 34, processor 14, processor 16, reset circuitry, EEPROM 
35, oscillator 32, optical port components 40, LCD 30, and an option board interface 38. When 
this assembly is used for demand metering, the billing data is stored in EEPROM 35. This same 
assembly is used for TOU metering applications by merely utilizing battery 26 and 
reprogramming the configuration data in EEPROM 35. The additional time-of-use billing data is 
stored in the internal RAM of processor 16, which RAM is backed by battery 26. 

[0022] Consider now the various components of meter 10 in greater detail. Primary 
current being metered may be sensed using conventional current transformers. The shunt resistor 
portion of devices 18A-18C are located on the electronics assembly. 

[0023] The phase voltages are brought directly to the electronic assembly where 
resistive dividers 12A-12C scale these inputs to processor 14. In the preferred embodiment, the 
electronic components are referenced to the vector sum of each line voltage for three wire delta 
systems and to earth ground for all other services. Resistive division is used to divide the input 
voltage so that a very linear voltage with minimal phase shift over a wide dynamic range can be 
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obtained. This in combination with a switching power supply allows the wide voltage operating 
range to be implemented. 

[0024] Consider now the particulars of the power supplies shown in Figure 1 . As 
indicated previously, the off-line switching supply 20 is designed to operate over a 96-528 VAC 
input range. It connects directly to the Phase A voltage alternating current (AC) line and requires 
no line frequency transformer. A flyback converter serves as the basis of the circuit. A flyback 
converter is a type of switching power supply. 

[0025] As used herein, the "AC cycle" refers to the 60 Hz or 50 Hz input to power 
supply 20. The "switching cycle" refers to the 50 kHz to 140 kHz frequency at which the 
switching transformer of power supply 20 operates. It will be noted that other switching cycle 
frequencies can be used. 

[0026] Figure 2 is a schematic diagram of an optical port circuit. As shown in Figure 2, 
a power supply 204 provides DC voltage an optical diode 201, a resistor 202, a transistor 203, 
and meter circuits 205. Optical diode 201, resistor 202, transistor 203, and meter circuits 205 are 
connected in parallel with the output of power supply 204. As a result, the signals provided by 
optical diode 201 are proportional to the power consumed by the meter. For example, optical 
diode 201 may requires 10 milliamps (mA) of current from power supply 204 to communicate 
with equipment external to the meter. The required 10 mA is delivered by power supply 204 in 
addition to the other electronic components (now shown in Figure 2) that power supply 204 
provides power. 

[0027] Figure 3 is a schematic diagram of an optical port circuit, according to the 

invention. As shown in Figure 3, an optical diode 301 is connected in series with a power supply 

307. As a result, the DC current provided by power supply 301 may be provided to the 

remainder of metering circuits 306 via optical diode 301 with little or no additional consumption 

of current by optical diode 301 . This is due to the fact that power supply 307 is burdened to 

provide additional voltage to accommodate the voltage drop across series-connected optical 
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diode 301, rather than rather having to provide additional DC current required a parallel- 
connected optical diode current at full DC voltage. 

[0028] As shown in Figure 3, a switching transistor 302 is in parallel with optical diode 
301. Also, a resistor 304 and a switching transistor 303 are in series with transistor 302. A 
resistor 305 is in parallel both with power supply 307 and with transistor 302, resistor 304 and 
transistor 303. The DC current provided by power supply 307 to metering circuits 306 is in 
series connection with optical diode 301 and transistor 302. In one mode, transistor 302 is 
conducing current (e.g., saturated) and thus bypassing the DC current around optical diode 301. 
When the electrical meter is required to communicate information thru an external 
communications port using the optical diode 301, meter circuits cause transistor 302 to open, 
thus allowing optical diode to conduct the DC current provided by power supply. 

[0029] Such external meter communication may be activated automatically or via 
external human input, for example. In either case, the switching of transistor 302 may be 
controlled by meter circuits 306 in response to automatic or initiated request, as indicated above. 
Meter circuits 306 may then provide an optical control signal to transistor 303. Transistor 303 in 
cooperation with resistors 304 and 305 operate to control the switching of transistor 302, and 
thus the switching of optical diode 301, as described above. For example, in one embodiment, 
the signal from meter circuits 306 may be provided by a microprocessor (not shown) that would 
short the base emitter of transistor 303 (acting as a buffer to transistor 302) and cause transistor 
302 to stop conducting DC current, thus allowing optical diode 301 to conduct current and 
provide the required external communication. When the external communication ceases, 
transistor 302 again is switched on and conducts the DC current, thus bypassing the DC current 
from optical diode 301 . 

[0030] It is to be understood that the foregoing illustrative embodiments have been 

provided merely for the purpose of explanation and are in no way to be construed as limiting of 

the invention. Words used herein are words of description and illustration, rather than words of 
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limitation. In addition, the advantages and objectives described herein may not be realized by 
each and every embodiment practicing the present invention. Further, although the invention has 
been described herein with reference to particular structure, materials and/or embodiments, the 
invention is not intended to be limited to the particulars disclosed herein. Rather, the invention 
extends to all functionally equivalent structures, methods and uses, such as are within the scope 
of the appended claims. 

[0031] Those skilled in the art, having the benefit of the teachings of this specification, 
may affect numerous modifications thereto and changes may be made without departing from the 
scope and spirit of the invention. 
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